EP 2 228 957 A1

(19)

Européisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
15.09.2010 Bulletin 2010/37

(21) Application number: 09003667.4

(22) Date of filing: 13.03.2009

(11) EP 2 228 957 A1

EUROPEAN PATENT APPLICATION

(51) IntCl.:

HO4L 25/03 (2006.01) HO4B 7/26 (2006.01)

(84) Designated Contracting States:
ATBE BG CHCY CZDE DK EEES FI FR GB GR
HRHUIEISITLILT LULV MC MK MT NL NO PL
PT RO SE SI SK TR
Designated Extension States:
AL BA RS

(71) Applicant: Vodafone Holding GmbH
40213 Diisseldorf (DE)

(72) Inventors:
¢ Grieger, Michael
30916 Isernhagen (DE)
¢ Marsch, Patrick
01099 Dresden (DE)

(74) Representative: Taruttis, Tilman
Bosch Jehle
Patentanwaltsgesellschaft mbH
FliiggenstraBe 13
80639 Miinchen (DE)

(54) Base station cooperation scheme
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prising mobile terminals and base stations message
transmission in one cell may interfere with a message

transmission in another cell of the same communication
system. This inter-cell interference can be reduced by
exchanging information about received messages be-
tween base stations.
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Description

[0001] The invention relates to a method and a corresponding apparatus for decoding messages in a cellular com-
munication system. In particular, the invention relates to cellular communication systems where the locally fixed receivers,
i.e. so-called base stations or node-Bs, are communicatively coupled via a network, i.e. a so-called backhaul link, and
exchange messages for improving the decoding of messages received from mobile terminals.

[0002] In conventional cellular mobile communication systems, in each cell a plurality of mobile terminals is assigned
to a base station. Each mobile terminal receives and transmits messages with its assigned base station. Due to the
number of terminals in each cell and the limited frequency resources available, itis impossible to assign a communication
resource (i.e. a frequency, time slot and/or code) to a terminal, such that the resource is unique for that terminal in the
entire communication system. Instead, resources are usually assigned to and used by different mobile terminals in
different cells of the system. As a consequence, the signals of a terminal in a cell may interfere with signals transmitted
by another terminal using the same resource in a neighbouring cell. The signals received at the base stations accordingly
may be distorted by the signals transmitted in the adjacent cell since they use the same resource.

[0003] In this way, today’s cellular mobile communications systems are limited by the aforedescribed inter-cell inter-
ference. Instead of treating the interference caused by signal propagation across cell borders as noise, the base stations
may cooperate in order to mitigate interference. Recent publications have demonstrated that employing such Base
Station Cooperation (BSC) techniques may increase the spectral efficiency of a cellular system.

[0004] In base station cooperation techniques, at least two base stations are communicatively coupled and cooperate
in order to improve the performance of the cellular communications system. The base stations exchange information
using said coupling, such that a base station may take advantage of an operation of another base station. In one
embodiment, a first base station may decode a received signal and then pass information about said message or said
message itself across the coupling to the at least one other base station, which takes advantage of said message when
decoding another message.

[0005] In one embodiment, the messages exchanged between base stations provide information enabling a base
station to reduce the interference of other signals when decoding a signal received from an assigned mobile terminal.
That is, when a first base station decodes a received signal of an assigned first mobile station, said first base station
may forward the decoded message or information about the message to another, second base station via the backhaul
link. The second base station then processes the information received from the first base station in order to improve its
operation, for example in order to cancel out or at least reduce interference in the second signal caused by the first signal.
[0006] For some applications, signals received from mobile terminals must be processed under strong latency con-
straints, for example when processing speech data. Accordingly, a timely processing of the messages exchanged
between the base stations is required, which in turn requires a fast coupling between the base stations, such that the
messages in the end arrive in time at their individual destination. The data rate of the backhaul link between the at least
two base stations correspondingly must enable a fast message exchange between the base stations to allow a fast
processing of the messages received from mobile terminals. Vice versa, the available data rate of the backhaul link
should be used most efficient in order to allow said timely message exchange and processing.

[0007] A strategy forimproving conventional systems comprises a method according to the independent method claim
and a corresponding apparatus claim.

[0008] In the following, the proposed method and cellular communication system are described in more detail with
reference to the accompanying figures.

Brief description of the figures
[0009]
Fig. 1 depicts a block diagram of a communication system comprising two base stations and two mobile terminals;

Fig. 2 depicts a plot illustrating the achievable maximum sum rate depending on the available transfer rate of the
backhaul link, and

Fig.3 depicts a plot illustrating the achievable sum rate depending on the interference power gain.
Detailed description
[0010] Figure 1 depicts a block diagram of a cellular communications system 100 comprising a first mobile terminal

110, a second mobile terminal 111 and a first and a second base station 120, 121.
[0011] In the following, the term mobile terminal denotes any device capable of exchanging messages with a base
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station. Accordingly, a mobile terminal may be a cell phone or a so-called personal digital assistant (PDA) or any computer
means, which may or may not be mobile, comprising means for exchanging messages with a base station. Insofar, the
term mobile terminal shall denote any of these or an equivalent device capable of exchanging messages with a base
station.

[0012] Similarly, the term base station shall denote any locally fixed transceiver station, which is communicatively
coupled to a network 130 for forwarding or receiving messages to be transferred to or from a mobile terminal. In this
way, a base station forms the gateway between the wireless transmitting mobile terminals and the network. Accordingly,
the term base station shall not only denote a base station of a GSM cell phone system, but also a locally fixed node-B
of an UMTS system or any other gateway capable of exchanging messages with mobile terminals on one side and a
network on the other side. In the drawing, base stations 120, 121 are coupled to network 130. Each of the base stations
120, 121 may forward messages received from an assigned mobile terminal via network 130 to a destination. Base
stations 120 and 121 are furthermore communicatively coupled by backhaul link 140, which enables a message exchange
between the coupled base stations. As backhaul link 140 forms a communication link between the base stations parallel
to network connection 130, said backhaul link may be implemented by network 130.

[0013] In the system, mobile terminal 110, denoted as mobile terminal a, is assigned to base station 120, which is
denoted A. That is mobile terminal 110 in this embodiment exchanges payload messages with base station 120 only.
This connection between mobile station 120, i.e. mobile station "a", and base station 120, i.e. base station "A", is
figuratively illustrated by the arrow from mobile terminal a to base station A.

[0014] Similarly mobile terminal 111, denoted as b, is assigned to base station 121, i.e. base station B, for exchanging
payload messages; the arrow between mobile terminal 111 and base station 121 illustrates this assignment.

[0015] Although the figure depicts only one mobile terminal assigned to each one of the base stations, it is apparent
that there may be a plurality of mobile stations assigned to base station 120 and another plurality of mobile terminals
assigned to base station 121. Furthermore, it is apparent that there may be a plurality of other base stations and a
corresponding plurality of mobile terminals assigned to each of these, such that these form a cellular communication
system. Without any restriction to its general applicability, the topology illustrated in Fig. 1 depicts only two mobile
terminals 110, 111 each assigned to one base station 120, 121 for simplifying the following description.

[0016] Subsequently itis assumed that backhaul link 140 allows an error-free transmission of messages between the
base stations and is restricted in terms of capacity, i.e. backhaul link 140 has a limited data transfer rate. Furthermore,
it is assumed that all communicating entities (110, 111, 120, 121) are perfectly synchronized in time and frequency.
[0017] When considering the transmission of messages from mobile terminal a, i.e. 110, to base station 120, i.e. A,

the transmission link as denoted by above mentioned arrow is characterized by hg , Which is the transmission function

of the upstream channel from mobile terminal a to base station A. Similarly, the transmission link between mobile terminal

b and base station B is described by its corresponding transmission function hg . The transmission of messages from

the mobile terminals to the base stations is disturbed by additive Gaussian noise being independently and identically
distributed (i.i.d.), so as to model the effects of thermal noise, radio frequency impairments or outer system interference.
The channels are considered to be narrowband and with a flat frequency spectrum. In one embodiment, the channels
can be considered to be implemented by a subcarrier of an orthogonal frequency division multiple access (OFDMA)
system.

[0018] The transmission of a single symbol from a mobile terminal to a base station in a time-discrete notation is

y=Hx+n , (1)

wherein y e Y = CNBs is the received symbol, x e CK is the transmitted symbol and H e CINg¢*Kl is the channel matrix
of elements h representing the gains from a transmit antenna to a receive antenna. In one embodiment the noise vector
n e CNBs can be a realization of a zero-mean circularly symmetric complex Gaussian (ZMCSCG) random process

n-~ NC(()N , O ): NC(() a1 ) where g? is the noise variance. However the proposed base station
BS nn NBS’ n K} n

cooperation scheme can be used in any noise or interference scenario.

[0019] The mobile terminals are non-cooperative. That is, they receive and transmit messages to their assigned base
station without taking into account any operation of the other mobile terminal. That is, they transfer independent data
streams to and from their individually assigned base station.

[0020] Considering now that mobile terminal a, i.e. 110, and mobile terminal b, i.e. 111, may each transmit a message
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M, M,, at the same time using the same carrier frequency, and wherein the terminals are assigned to base stations of
adjacent cells, then the signal X, transmitted by mobile terminal a will not only be received at base station A as received
signal Yy, i.e. at the base station to which the transmitting mobile terminal is assigned, but also at base station B, where
it superimposes on the message X, sent from mobile terminal b to base station B. Base station B accordingly receives
signal Yg, which differs from signal X, as sent by mobile terminal b. Similarly, the signal X}, sent from mobile terminal b
to base station B will be also received at base station A, where it superimposes signal X, sent from mobile terminal a.
In this way both of the base stations A and B operating on the same carrier frequency receive signals superimposed by
another signal, and wherein the signals superimpose each other in addition to other noise. This interfering transmission
from mobile terminal a to base station B and similarly from mobile terminal b to base station B is illustrated by the
corresponding dashed arrows from a to B and b to A respectively.

[0021] Considering the set of mobile terminals as K = {a, b} and the set of base stations as M = {A, B}, the transmission
between the mobile terminals and the base stations can be defined as

h?* h? H
H=| * i=[h, h]=|_*| (2
haB hf [a b] HB ()

[0022] In the following it is assumed that all transmission functions of (2) can be estimated, wherein the performance
of the proposed method increases with increasing quality of channel estimation, particularly with increasing quality of

channel vectors hf and hlf .

[0023] A simultaneous transmission of messages M, and M, respectively from mobile terminals a and b on the same
carrier frequency in this way has impact on the reception and subsequent processing of the transmitted signals, as either
signal is received at either base station thus distorting each other.

[0024] The backhaul link between base station A and base station B allows to send information to base station B,
such that base station B can take advantage of information gained at base station A from processing received signal
Y, when decoding signal Yg. The process of decoding signal Y in base station B is improved in that the signal sent
from mobile terminal a is used to reduce the interference caused by signal X, on signal Y, thus reducing the distortion
of said received signal. In particular this is accomplished as follows.

[0025] At the time when both mobile terminals, i.e. a and b, transmit their messages, the mobile terminals generate
signals X, and X}, respectively, wherein the signals reflect messages M, and M, respectively. That is, a message is
mapped to symbols according to a coding scheme, and these coded symbols are transmitted, which forms signals X,
and Xj,. Both terminals transmit their signal at the same time, or at least the transmissions overlap in time, and on the
same carrier frequency. The signals thus interfere at each receiving base station. This interference of a message
transmission in a first cell caused by a simultaneous transmission in another cell of the same cellular communication
system is called inter-cell interference.

[0026] Upon reception of signal Y,, that is at base station A, the base station immediately decodes received signal
Y,. Itis assumed that base station A is capable of successfully decoding signal Y, into message M, such that message
M, as decoded from signal Y, is identical to the original message M, in mobile terminal a. The system may provide
means for ensuring the successful decoding. In one embodiment the system may provide a forward error correction
scheme (FEC) allowing the successful decoding. Various conventional schemes are known for transmitting a message
across a distorting channel and enabling a correct decoding of a distorted message.

[0027] Besides forwarding the decoded message M, to any further processing block, base station A, i.e. base station
120, re-encodes the message using the same encoding scheme as mobile terminal a. That is base station A encodes
the just decoded message to produce a signal X,. Since base station A uses the same encoding scheme for encoding
message M,, the signal X, is identical to signal X,, i.e. the signal produced base station A is identical to the signal
produced in mobile terminal a.

[0028] Said signal X, is passed via backhaul link 140 to base station B for further processing. That is at base station

B signal X, is used to determine the interference XA hf caused by said signal when transmitted by mobile terminal

a. Base station B is capable of determining said interference since the transmission function hf of the channel between

mobile terminal a and base station B is known from channel estimation.

[0029] Base station B then subtracts the estimated interference XA hf from received signal Ypg, thus reducing the
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interference caused by signal X,. In this way received signal Yg is modified to Yt; , Which is

Yy=hf X, +h2x +n-n2x,
7 (3)

[0030] Thatis, if the estimation of the channel from mobile terminal a to base station B matches, the interference in
signal Yg is eliminated or - depending on the estimation of the channel - at least reduced, thus improving the signal
received at base station B significantly.

[0031] With regard to the data rate achievable in the connections between mobile terminal a and base station A and
between mobile terminal b and base station B, it is noted that providing information from base station A to B will not
have a positive affect on the data rate between terminal a and base station A. However, the rate of the channel between
terminal b and base station B can be improved, since due to the reduced interference an optimized encoding scheme
suitable for higher signal to noise and interference ratio (SINR) may be applied on this channel. The achievable data
rate for transmitting data from mobile terminal b is given as

AAE ?%I(Y;;Xb)

A (4)
=log,(1+P,, (h}) (®,))h;

wherein function /() is the mutual information of Y’ g and X}, P, denotes that mobile terminal b transmits with full power,
p(Xb) is the probability density function of Xb (Gaussian in the optimal case), and ®,,, denotes the covariance of the
thermal noise of base station B.

[0032] Taking into account that the data transfer rate available on backhaul link 140 may be limited, the information
transmitted via the backhaul link can be in compressed form, i.e. as compressed signal X, wherein the compression
method may be lossy. A

[0033] Accordingly, the compressed version X, differs from the original signal which herein is modeled as an additional
compression noise gq. Consequently received and modified signal Y’g is

Yy =hf X, +h? X, +n-h3(X, -q)

=hf X, +n+hZg

(5).

[0034] The achievable data rate in the channel from mobile terminal b to base station B accordingly is

1 (rg ) =max I(Y,; X,)

p(Xp)

_ 6).
=log2(1+Pm(hf)H((I)M+hfa:(hf)H) lhf) ©

[0035] In this way, the proposed method for the cooperation of base stations relates to the uplink transmission of
messages only as it improves the decoding of a message sent from a mobile terminal to a base station. Without loss of
generality, mobile terminals a and b operate as transmitting terminals and base stations operate as receiver stations.
The proposed cooperation scheme for base stations accordingly relates to a method for decoding a message in a cellular
communication system, wherein a first message is transmitted by a first terminal to a first receiver station and wherein
a second message is transmitted by a second terminal in the same frequency, time and/or code resource to a second
receiver station. The method comprises receiving and decoding the first message in the first receiver station, re-encoding
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the decoded first message, transmitting the re-encoded first message to the second receiver station, receiving the
second message in the second receiver, estimating the interference on the second message caused by the first message
in the second receiver station and decoding the second message under consideration of the estimated interference.
Optionally the re-encoded first message can be transmitted to the second receiver station in compressed form, which
can be easily transmitted via the backhaul link. Particularly the compression of the re-encoded first message may produce
a format suitable for a transmission via the backhaul link.

[0036] The performance of this base station cooperation scheme depends on the channel conditions, i.e. it depends
on the conditions of a channel between mobile terminals a and b and their assigned base stations A and B respectively
as well as on the conditions of the channels between mobile terminal a and base station B and between mobile terminal
b and base station A.

[0037] In order to not unnecessarily complicate the channel model as considered in the following, a power control is
employed for controlling the power gain of each mobile terminal in the channel to its assigned base station to a fixed

value A normalized to 1, i.e. /'Lf = /1113 =1. Furthermore, rows and columns of a channel matrix can be multiplied by

a common factor without affecting the mutual information. Then a normalized channel model is given as

1 Al
H = (7)

norm
B JPan
VA e

wherein dag = dgp + O, - Oga - Oap is the orthogonality parameter.

[0038] In a first scenario, a Z-channel situation is considered. In said Z-channel scenario the transmission channel
from one mobile terminal to its assigned base station, i.e. the uplink, is characterized in that it is nearly undistorted,
such that any interference from another mobile terminal is marginal and can be neglected. So without loss of generality

we assume in this model that mobile station a does not interfere with, i.e. ,laB =0.

[0039] In one embodiment a Z-channel situation as described may occur when mobile terminal a is located in the
vicinity of its assigned base station A, while mobile terminal b is located close to the edge of its cell and adjacent to the
cell around base station A. Since mobile terminal a is located close to its base station its transmit power can be made
small such that its transmit signal is barely received at base station B, whereas due to the longer distance between
mobile terminal b and its assigned base station B high transmit power is required for an appropriate signal reception at
base station B which is connected with strong interference at base station A.

[0040] In this case a further simplification of the transmission model is allowed as the scalar product between h, and

. 2 . .
h,is (,1: )V . Consequently the achievable data rates do not depend on the orthogonality parameter ¢ 45 and the model

of the considered Z-channel scenario is

H; = (8)
0 1

[0041] Figure 2 illustrates the maximum sum rate of different schemes as a function of the available transfer rate and

in a Z-channel scenario with an interference of ,'{: = =15dB . n this figure two bounds on the maximum sum rate are

depicted as well. The MAC bound limits the maximum sum rate for the case of unlimited cooperation of the base stations:

Rsum (RBh - oo) = 1ogZ 1+ Pmax th (D;rlt hk (9)'
keK
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wherein Rg;, denotes the data transfer rate of the backhaul link.

[0042] Another limit, which is the backhaul bound, follows from the max flow min-cut theorem, which states, that the
maximum sum rate never can exceed the maximum sum rate achievable without any cooperation plus the invested
backhaul. In this optimistic case, every bit exchanged between the base stations increases the information that can be
transmitted over the air interface by one bit as well, that is

R (Rg)<R_ (0)+Ry (10).

[0043] The point-wise minimum of both bounds is the cut-set bound.

[0044] In Z-channel scenarios signals can be separated very efficiently by first decoding the non-interfered user and
then using the decoded message to reduce its interference before the other message is decoded. As described above
said use of the decoded message comprises that the message is re-encoded in the decoding base station into a signal,
wherein the signal is then send - optionally in compressed form - to the base station decoding the other message.
[0045] The plots in fig. 2 show that this method of base station cooperation, which can be abbreviated as compressed
interference forwarding (CIF), is more effective in the low backhaul and weak interference regime when compared to a
conventional so-called DAS system or a so-called DIS system. In a Distributed Antenna System (DAS) all transmitted
messages are decoded jointly in a central processing entity, wherein a base station forwards a received signal - in
compressed form - to the central processing entity. The base stations accordingly operate as remote radio heads and
the central processing entity is capable of considering interfering signals when decoding a particular message. In contrast
to that distributed interference subtraction (DIS) systems operate on the exchange of decoded messages, i.e. once a
message is decoded in a first base station it is transferred via the backhaul link to another base station, which in turn
may use that decoded message when decoding a message interfering with the received decoded message.

[0046] The excellent performance of the here proposed method in this regime follows from the distortion rate function
for Gaussian signals, which linearly increases in the interference power gain and increases convex as well as decreasing
in the backhaul rate.

[0047] Figure 3 depicts the maximum sum rate for a range of Z-channels with high signal to noise ratio (SNR) of 20
dB and different interference power gains for a backhaul transfer rate of Rg;, = 3 bit/channel use. These plots illustrate
that the proposed base station cooperation scheme achieves noteworthy gains in cases of a low backhaul data rate and
in a low interference regime in that the inter-cell interference can be reduced significantly.

[0048] The proposed cooperation scheme for the base stations requires the base stations to be adapted and configured
for performing the described method steps. Hence, the cooperation scheme can be performed by any cellular commu-
nication system comprising at least two receiver stations. In the system a first receiver station is configured and adapted
for receiving and decoding a first message received from a first terminal, and for re-encoding the decoded first message
into a first signal. The first receiver station is communicatively coupled to a second receiver station for transmitting the
re-encoded first message to the second receiver station. The second receiver station is configured and adapted for
receiving a second message from a second terminal, estimating the interference on the second message caused by
the first message sent by the first terminal and decoding the second message under consideration of the estimated
interference.

Claims

1. A method for decoding a message in a cellular communication system (100), wherein a first message is transmitted
by a first terminal (110) to a first receiver station (120) and wherein a second message is transmitted by a second
terminal (111) to a second receiver station (121), comprising the steps of:

- receiving and decoding the first message in the first receiver station (120);

- re-encoding the decoded first message;

- transmitting the re-encoded first message to the second receiver station (121);

- receiving the second message in the second receiver (121);

- estimating the interference on the second message caused by the first message in the second receiver station
(121) and decoding the second message under consideration of the estimated interference.

2. The method of claim 1, wherein the re-encoded first message is transmitted to the second receiver station (121) in
compressed form.



10

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

14.

EP 2 228 957 A1

The method of any preceding claim, wherein the cellular communication system (100) is an orthogonal frequency
division multiple access system.

The method of any preceding claim, wherein at least the first message is transmitted using a forward error correction
scheme.

The method of any preceding claim, wherein in the step of re-encoding the first message the first receiver station
(120) deploys the same encoding scheme as the first terminal.

The method of any preceding claim, wherein the transmission of the first message is significantly less distorted than
the transmission of the second message.

The method according to any previous claim, further comprising the step of estimating the channel characteristics
of a transmission from the first terminal (110) to the second receiver station (121).

The method according to claim 7, wherein the step of estimating the interference on the second message is based
on the estimated channel characteristics of a channel between the first terminal (110) and the second receiver
station (121).

The method of any preceding claim, wherein the re-encoded message is transmitted via a cable connection from
the first receiver station (120) to the second receiver station (121).

The method of any preceding claim, wherein the first (110) or second terminal (111) are mobile terminals and the
first and second receiver stations (120, 121) are base stations in a cell phone system.

A cellular communication system (100) comprising at least two receiver stations (120, 121), wherein a first receiver
station (120) is configured and adapted for receiving and decoding a first message received from a first terminal
(110), and for re-encoding the decoded first message, and wherein the first receiver station (120) is communicatively
coupled to a second receiver station (121) for transmitting the re-encoded first message to the second receiver
station (121), and wherein the second receiver station (121) is configured and adapted for receiving a second
message from a second terminal (111), estimating the interference on the second message caused by the first
message and decoding the second message under consideration of the estimated interference.

The cellular communication system (100) of claim 11, wherein the first and second receiver stations (120, 121) are
configured and adapted to transfer the re-encoded first message in compressed form.

The cellular communication system (100) of any preceding claim 11 - 12, wherein the cellular communication system
(100) is an orthogonal frequency division multiple access system.

The communication system (100) of any preceding claim 11 - 13, wherein the at least two receiver stations (120,
121) are base stations and the first and second terminals (110, 111) are mobile terminals.
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